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ABSTRACT
Current nature of Malaysia society and lifestyle creates various needs of travel. 
Nowadays, there are more affordable cars than it was for the last decades. People 
choose to invest in buying themselves a car rather than using public transportation that 
leads to congestion on the road. Johor Bahru is also one of the cities in Malaysia that 
suffers traffic congestion due to the rapid increase in transit needs and population 
density. Perbadanan Pengangkutan Awam Johor planned to introduce Bus Rapid 
Transit (BRT) system to help solve the problem regarding the traffic congestion. In 
this paper, the implementation of BRT system in an unsignalised junction were 
assessed using four scenarios of mode split to determine the performance of the BRT 
system before and after implementation. The four scenarios of mode split involved are 
base scenario, 84%:16%, 62%:38% and 46%:54% of private vehicles user against 
public transit user respectively. Microscopic traffic simulations of PTV VISSIM was 
used to carried out the assessment of BRT system and compensation method was used 
as the bus priority system at the junction. The costs of congestion were calculated 
based on the results from the VISSIM simulations. The level of service for the junction 
were compared between the scenarios. Further analysis showed that the mode split of 
46% private vehicle users and 54% public transit users are more beneficial compared 
to other scenarios in term of travel time and cost of delay. The level of service had 
improved at some of the approaches at the junction.
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ABSTRAK
Gaya hidup masyarakat Malaysia pada zaman sekarang telah mencipta pelbagai 
keperluan dari segi pengangkutan dan perjalanan. Selain itu, terdapat lebih banyak 
kereta yang berharga berpatutan di pasaran tempatan berbanding sedekad yang lalu. 
Ini membuatkan rakyat Malaysia memilih untuk membeli kenderaan sendiri daripada 
menggunakan pengangkutan awam yang sedia ada dan secara tidak langsung 
menyebabkan kesesakan di jalan raya. Johor Bahru merupakan salah satu daripada 
bandaraya yang sibuk di Malaysia dan sering mengalami kesesakan lalu lintas yang 
disebabkan peningkatan dalam keperluan transit dan kepadatan penduduk. Perbadanan 
Pengangkutan Awam Johor merancang untuk memperkenalkan sistem Bus Rapid 
Transit (BRT) untuk membantu menyelesaikan masalah kesesakan lalu lintas di dalam 
negeri tersebut. Dalam penyelidikan ini, pelaksanaan sistem BRT di persimpangan 
dalam Kawasan penyelidikan dinilai menggunakan empat senario pecahan mod untuk 
menentukan prestasi sistem BRT sebelum dan selepas pelaksanaan. Empat senario 
pecahan mod yang terlibat adalah senario asas, 84%: 16%, 62%: 38% dan 46%: 54% 
nisbah pengguna kenderaan persendirian dan pengguna transit awam. Perisian 
simulasi lalu lintas mikroskopik PTV VISSIM digunakan untuk melakukan penilaian 
sistem BRT dan kaedah pampasan digunakan sebagai sistem yang mengutamakan bas 
di persimpangan tersebut. Kos kelewatan juga dinilai berdasarkan hasil daripada 
simulasi VISSIM. Tahap perkhidmatan (LOS) untuk persimpangan telah 
dibandingkan antara senario. Analisis lanjut menunjukkan bahawa pecahan mod 46% 
pengguna kenderaan persendirian dan 54% pengguna transit awam lebih bermanfaat 
berbanding dengan senario lain dari segi masa perjalanan dan kos kelewatan. Tahap 
perkhidmatan telah bertambah baik pada beberapa jalan di persimpangan tersebut
viii
TABLE OF CONTENTS
TITLE PAGE
DECLARATION iii
DEDICATION v
ACKNOWLEDGEMENT vi
ABSTRACT vii
ABSTRAK viii
TABLE OF CONTENTS ix
LIST OF TABLES xiv
LIST OF FIGURES xv
LIST OF ABBREVIATIONS xvii
LIST OF APPENDICES xviii
CHAPTER 1: INTRODUCTION 1
1.0 General 1
1.1 Problem Statement 3
1.2 Aim and Objectives 3
1.3 Scope of Study 3
1.4 Significance of Research 4
1.5 Report Outline 4
CHAPTER 2: LITERATURE REVIEW 7
2.0 Introduction 7
2.1 Public Transportation in Malaysia 8
2.2 Bus Rapid Transit (BRT) 9
2.2.1 Component of BRT 10
2.2.2 Application of Intelligent Transport System (ITS) 11
ix
2.3 Control Strategies Related to the Bus Priority
2.3.1 Extension and Recalls of green time
2.3.2 Stage Rearranging
2.3.3 Stage Skipping
2.3.4 Pre-emption
2.3.5 Compensate
2.4 Challenges faced in planning and implementation process of BRT system
2.4.1 Political commitment and leadership
2.4.2 Bad perception on bus services
2.4.3 Lack understanding on the BRT system
2.4.4 Lack of community participation
2.4.5 Inadequate funding
2.5 Environmental Impact of Bus Rapid Transit
2.6 Factors influencing mode of travels
2.7 Simulation Models
2.7.1 Corridor Simulation (CORSIM)
2.7.2 PTV VISSIM
2.7.3 SIDRA INTERSECTION
2.7.4 Synchro and SimTraffic
2.7.5 S-Paramics
2.7.6 Quadstone Paramics
2.8 Cost of Congestion
2.9 Value of Time
2.10 Case Study
2.10.1 Bandung and Surabaya, Indonesia
2.10.2 United States of America
2.10.3 Curitiba, Brazil
x
13
13
14
14
14
14
15
15
15
16
16
16
17
19
20
20
21
21
22
22
23
23
23
26
26
27
28
2.10.4 Beijing, China 28
2.11 Summary 29
CHAPTER 3: METHODOLOGY 31
3.0 Introduction 31
3.1 Study area 33
3.2 Field Data Collection 35
3.2.1 Traffic Volume Data 35
3.2.2 Traffic Speed and Travel Time Data 36
3.2.3 Vehicle Composition 36
3.3 Data Preparation 37
3.3.1 Traffic Volume 37
3.3.2 Vehicle Composition 37
3.3.3 Desired Speed Distribution 37
3.3.4 Vehicle Following Characteristics 38
3.3.5 Simulation Run 38
3.4 Base Case Model Development 39
3.4.1 Model Calibration and Validation 40
3.5 Alternative Scenarios 41
3.5.1 Scenario 1: 84% private vehicle users with 16% public transit user 41
3.5.2 Scenario 2: 62% private vehicle users with 38% public transit user 41
3.5.3 Scenario 3: 46% private vehicle users with 54% public transit user 41
3.6 VISSIM signal timing plan 42
3.6.1 Cycle length 42
3.6.2 Minimum green time 42
3.6.3 Maximum green time 42
3.6.4 Intergreen period 42
3.6.5 Traffic light control plan 43
xi
3.7 Evaluation 43
3.7.2 Level of Service 44
3.7.4 Percentage of improvement 44
3.8 Summary 45
CHAPTER 4: RESULTS AND DISCUSSION 47
4.0 Introduction 47
4.1 Field data collected 47
4.1.1 Traffic Volume 47
4.1.2 Vehicle Composition 50
4.1.3 Vehicle Speed 51
4.2 Initial stage of modelling 52
4.2.1 Base case scenario model layout 53
4.2.2 Vehicle input 53
4.2.3 Vehicle Composition 60
4.2.4 Desired Speed Distribution 60
4.2.5 Driving behaviour 60
4.3 Base case model 62
4.3.1 Acceleration pattern 62
4.3.2 Calibration and validation 64
4.4 Alternative Scenarios 65
4.4.1 BRT scenario model layout 65
4.4.2 Traffic Signal Data 66
4.4.3 Vehicle Actuated Program 67
4.5 Simulation Results 69
4.5.1 Traffic volume 69
4.5.2 Traffic Delays 70
4.5.3 Level of service 72
xii
4.5.4 Comparison in Acceleration Pattern 73
4.5.5 Economic Evaluation 74
4.5.6 Improvements 77
4.6 Summary 77
CHAPTER 5: CONCLUSIONS 79
5.0 Introduction 79
5.1 Findings 79
5.1 Recommendation 81
REFERENCES 83
APPENDICES 89
Appendix A: Vehicle Composition for Base Case Scenario 89
Appendix B: Vehicle Composition for Scenario 1 99
Appendix C: Vehicle Composition for Scenario 2 109
Appendix D: Vehicle Composition for Scenario 3 117
Appendix E: Desire Speed Distribution 127
Appendix F: Vehicle Actuated Program in C++ 135
xiii
10
25
25
46
47
48
50
52
52
53
53
54
54
55
55
56
56
57
57
59
63
65
65
73
73
74
LIST OF TABLES
TITLE
Component of BRT (Levinson et al., 2002).
Time valuation perspective (Litman, 2018).
Relative value of travel time (Litman, 2017).
Daily traffic volume for three approaches of the junction. 
Peak hour volume for the junction 
Vehicle class definition (Hallenbeck et al., 2014). 
Statistical data of the vehicle speed.
Base case vehicle input (Eastbound)
Base case vehicle input (Westbound)
Base case vehicle input (Northbound)
Scenario 1 vehicle input (Eastbound)
Scenario 1 vehicle input (Westbound)
Scenario 1 vehicle input (Northbound)
Scenario 2 vehicle input (Eastbound)
Scenario 2 vehicle input (Westbound)
Scenario 2 vehicle input (Northbound)
Scenario 3 vehicle input (Eastbound)
Scenario 3 vehicle input (Westbound)
Scenario 3 vehicle input (Northbound)
Driving behaviour set in simulation model.
GEH and RMSPE values of the base case scenario. 
Maximum and Minimum Green Time of the traffic light. 
Intergreen, Amber and Red/Amber time for each of the 
interstages.
Cost of delay time at Eastbound approach.
Cost of delay time at Westbound approach.
Cost of delay time at Northbound approach.
xiv
LIST OF FIGURES
FIGURE NO.
Figure 1.1
Figure 2.1 
Figure 2.2 
Figure 2.3
Figure 2.4
Figure 2.5 
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4 
Figure 3.5
Figure 3.6
Figure 3.7 
Figure 4.1 
Figure 4.2
Figure 4.3
Figure 4.4 
Figure 4.5
TITLE
Current mode split of travel in Johor Bahru (Perbadanan 
Pengangkutan Awam Johor, 2016).
Attractiveness of car use and the use of public transport 
(Steg, 2003).
Importance of transport, car and public transport to 
society and respondents' life (Steg, 2003).
Example of bus detection system (Levinson et al.,
2003).
The reduction in concentration of pollutants from June 
2003 until June 2007 (Holst, 2018).
Distribution of Benefits on BRT implementation. 
Operational framework of the study.
Network of proposed BRT corridor to be implemented 
in Johor Bahru (Perbadanan Pengangkutan Awam 
Johor, 2016).
Layout of the junction in study area (Google 
Earth,2018).
Junction in the study area.
ATC set-up on one of the approaches at the junction. 
Seed Values for each number of run (Traffic 
Engineering, Operations & Safety Manual, 2018). 
Process of model calibration and validation.
Traffic volume for 7 days at the junction.
Peak hour volume for seven days at the junction. 
Vehicle composition of vehicles passing through the 
junction.
Speed of vehicle passing through the junction.
Base case scenario model layout.
PAGE
2
8
8
12
18
19
31
32
32
33
34
38
39
46
47
48
49 
51
xv
Figure 4.6
Desired Speed Distribution for all 13 classes of 
vehicles.
58
Figure 4.7 The definition of CC0, CC1 and CC2. 60
Figure 4.8 Acceleration pattern of Westbound approach. 61
Figure 4.9 Acceleration pattern of Eastbound approach. 61
Figure 4.10 Acceleration pattern of Northbound approach. 62
Figure 4.11 BRT Scenario model layout. 64
Figure 4.12 Traffic signal stages. 65
Figure 4.13 Programming flow chart. 66
Figure 4.14 Total vehicles for 1 peak hour. 67
Figure 4.15 Average volume per 5 minutes for each approach. 68
Figure 4.16 Average vehicle delays in seconds (s). 69
Figure 4.17 Vehicles affected by delay at each approach. 69
Figure 4.18 Percentage of vehicle affected by delay. 70
Figure 4.19
Level of Service for each approach in different 
scenarios.
70
Figure 4.20
Acceleration Pattern at Westbound approach in 
different scenarios.
71
Figure 4.21
Acceleration Pattern at Eastbound approach in different 
scenarios.
71
Figure 4.22
Acceleration Pattern at Northbound approach in 
different scenarios.
72
Figure 4.23
Total cost of delays at the junction with different 
scenario.
74
Figure 4.24 Estimated percentage of improvement at the junction. 75
xvi
LIST OF ABBREVIATIONS
BRT Bus Rapid Transit
LOS Level of Service
PAJ Pengangkutan Awam Johor
ITS Intelligent Transport System
AVL Automatic Vehicle Location
ATC Automatic Traffic Counter
VAP Vehicle Actuated Program
Jabatan Kerja Raya (Malaysian Public 
Works Department)
xvii
LIST OF APPENDICES
APPENDIX TITLE PAGE
Appendix A Vehicle Composition for Base Case Scenario 89
Appendix B Vehicle Composition for Scenario 1 99
Appendix C Vehicle Composition for Scenario 2 109
Appendix D Vehicle Composition for Scenario 3 117
Appendix E Desire Speed Distribution 127
Appendix F Vehicle Actuated Program in C++ 133
xviii
CHAPTER 1
INTRODUCTION
1.0 General
Vehicles are very important for human to travels from one destination to 
another destination. It is just matter of choosing the transportation mode for their trips. 
In the last decades, the levels of mobility have increased significantly in Malaysia. 
These can be seen in the amount of traffic congestion during peak hours or festive 
season in any major roads. This creates concern about the increase in the use of car 
and the implications in terms of congestion and pollution. Furthermore, the current 
nature of society and lifestyle of people in Malaysia create varieties of travel needs. 
There are more affordable cars nowadays than it was few years ago. That is why more 
people choose to invest themselves in buying the car rather than using public transport.
Currently, there are little awareness about sustainable transportation in our 
country that leads to improper transportation planning in the cities. The public transit 
service become unreliable to some of the citizen. Developing more reliable public 
transportation services can encourage the people to shift from using their own private 
vehicle into using the public transportation services. Although, changing people’s 
mind is a difficult task to do because human behaviours are unpredictable. They may 
accept or reject the proposed changes. People choose to use their own private vehicle 
because of the flexibility of daily trips, more privacy and comfortable. Thus, attractive 
services and facilities of the public transportation is important in influencing all those 
factors. Most of the citizen also preferred to use private car instead of using public 
transportation because to them owning a private vehicle is far more convenient instead 
of using the current public transit services. Public transport was always being the 
second mode of transport for the people because of few reasons. Some of the public 
transports are not reliable when it comes to time, there will always be delays. Other
1
than that, most people are not comfortable in sharing spaces with strangers. Figure 1.1 
shows the current modal split of travel in Johor Bahru.
Public Transit, 8%
Private Vehicles,
92%
Figure 1.1: Current mode split of travel in Johor Bahru (Perbadanan Pengangkutan 
Awam Johor, 2016).
In 2015, the total population of Johor Bahru are about 1.6 million and expected 
to grow to 4.7 million by the year of 2045 (Perbadanan Pengangkutan Awam Johor, 
2016). Rapid increase of transit needs and population density in certain areas of Johor 
Bahru cause congestions on the road uncontrollable and sometimes unexpected if any 
accident occurs on the road. Introducing Bus Rapid Transit (BRT) can help to solve 
the problem regarding the congestion on the road. The exclusive lane in BRT system 
help to reduce travel time and delay for buses by prohibiting other vehicles on the 
exclusive lane. Thus, the aims of implementing BRT system in a densely populated 
areas are improving the speeds by reducing the delays, increasing the reliability, 
comforts and capacity of the transit services (Merkert & Mulley, 2015; Wan, Kamga, 
Liu, Sugiura, & Beaton, 2016). These aims help to attract more people into using 
public transportation more than using their own private vehicle and leads to the change 
in modal split of people using the private vehicle with using bus for their daily trips.
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1.1 Problem Statement
Malaysian government and the town planners always faced issues in the quality 
of the public transportation services. The rapid growth of the population in Malaysia 
causing difficulties in providing a good quality of public transportation especially in 
urban areas. Other than that, limited space and capital funding also contribute to the 
difficulties in developing proper public transit in developing area. On the basis of 
broad literature review, the impact for the implementation of bus priority system at an 
junction that are originally unsignalised junction had rarely been reported.
1.2 Aim and Objectives
The main aim of this study is to investigate the impact of different BRT 
scenarios at isolated vehicle actuated signalized junction. The following objectives 
were set up to achieve the aim of this study:
1. To identify the effect of BRT implementation in study area.
2. To examine the Level of Service of the junction before and after 
implementation of BRT.
3. To determine the financial benefits of developing BRT system in the study 
area.
1.3 Scope of Study
Due to practical constraints, this report cannot provide a comprehensive review 
on the application to whole route networks in Johor Bahru. Other than that, land use 
in the study area may limit the proposed additional exclusive lane for BRT system.
The study comprises of site investigation, microscopic simulation models and 
financial benefit analysis of the BRT implementation. An isolated unsignalised 
junction that passing through one of the routes for the proposed BRT corridors in Johor 
Bahru. The performance of the BRT system is analyse using microscopic simulation 
model based on different scenarios. The first scenarios is the base scenario or also
3
called the “do nothing” scenario. Three of other scenarios are after the implementation 
of BRT system with different model split from the base scenario. Visual inspection 
and traffic count survey were conducted on study area to obtain the required data for 
simulation. The microscopic simulation models were modelled using the PTV 
VISSIM.
1.4 Significance of Research
This research will provide comprehensive analysis on the improvement in term 
of quality for unsignalised junction from the implementation of BRT system. 
Changing the modal split of daily transportation mode can lead to reduction in the use 
of private vehicles on the road. Air pollution can also be reduced with the decreasing 
number of private vehicles. Other than that, the risk of accidents occurring will be 
lower and provide a safer road to travel.
1.5 Report Outline
This report is divided into 5 chapters by focusing on the study of BRT 
implementation in a densely populated area.
Chapter 1 outlines the background of the study, aims and objectives by 
highlighting on the problem statement and the importance of implementing BRT 
system in the densely populated area.
Chapter 2 reviews the literature regarding the BRT system and the case study 
involved in implementing the BRT system all over the world.
Chapter 3 describes the methodology used in achieving the objective of the 
study. Flow chart is made to show the sequence of tasks to be achieves such as 
identifying the area, to assess the severity of the study area, data collection, developing 
microscopic simulation model and result analysis.
4
Chapter 4 emphasizes on the analysis of results and data collected from the 
simulation conducted. The results were evaluated and the end products of the analysis 
were discussed.
Chapter 5 sums up all the reports by showing the conclusion and the 
recommendation of the studies conducted. This chapter will also highlight the end 
product of the study and provide helpful recommendations for future studies in the 
same area.
5
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